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(57) During asymmetric communications using only 
the uplinK frame configuration section 109 transmits a 
signal made up of only pilot signals and transmission 
power control bits assembled into frames. The transmis- 
sion power control method is the same as that for nor- 
mal communications. In this case, since signals 
transmitted on the downlink are only plot signals and 



transmission power cx>ntrol bits, it is possible to reduce 
the transmission rate considerably and transmit signals 
with its transmission power reduced by transmission 
signal amplitude control section 1 1 1 . In this case, a long 
hierarchic orthogonal type spreading code Is set as the 
spreading code used by spreader 110. 



SIOUU. 
-TDB 



TIMS 
HIIUlOM-ft 
DATA 



BASE HAT 101 
APPAAATia 



KniLE nATIM 
APPARATUS 



IGML 

XEftA I 

•Toa 



FRM TVAKSIISSIOS 
SECTia FOR OTtES 
■BILE STATIOn 



COVIOI 
HUTIOi 

sarioi 



SPBEA ^ 



10s 

SIGIAL 
AIPLITIIE 



106 



TIABS 
HllUiai 



10« tl4 IM 



SPSAOrRS CODE 
DETEHIIATin 
SeCTtOM 



TRARSItSSiai 
IRFOUATIOi 

till 



RSEIVED^ 
DATA 



WF 
SEaiQH 



TVAIS 

Hussin 

RF 
SECT I 01 



111 

^ 



TRAiniSSIOI 



FROCEUIIC 
SEniQH 



TRANS 
«--llSSiOI 
DATA 



111 



KCEPTIOi 
RF H 
SCCTIOH 



COME 
HATOI 



ECEITBl 
*^OATA 



TO lECEPTlOa PROCEUIIC 
SECTia FOR OTtCR BaiLE 
STATIOU 



FtG.3 



LU 



Prtmed by Xerox (UK) Business Servioes 
2.16.7/a6 



1 



EP0 942 541 A2 



2 



Description 

BACKGROUND OF THE INVENTION 

Field of the Invention s 

[0001] The present invention relates to CDMA trans- 
mission apparatuses used for cellular systems such as 
digital car telephones and portable telephones. 

JO 

Description of the Related Art 

[0002] A CDMA (Code Division Multiple Access) sys- 
tem is one of the multiple access system technologies 
used when a plurality of stations in radio communica- 75 
tions such as car telephones and portable telephones 
carry out communications on a same frequency band 
simultaneously. As other technologies, an FDMA (Fre- 
quency Division Multiple Access) system. TDMA (Time 
Division Multiple Access) system, etc. are known. The 20 
CDMA system is a system chat achieves higher fre- 
quency utilization efficiency, capable of accommodating 
more users than the other technologies. 
[0003] The CDMA system implements multiple 
accesses through Sfxead spectrum communications in 2S 
which an information signal is transmitted with its spec- 
trum spread over a sufficiently wide band relative to the 
original information t}andvtndth. One of the CDMA sys- 
tems is a direct sequence system in which a spreading 
code is directly carried on the information signal during 30 
spreading. In this direct sequence system, signals from 
multiple mobile stations are multiplexed on a same fre- 
quency area and same time zone. 
[0004] The CDMA system using direct sequence, if a 
transmitting station which desires communication is 3S 
located far and another transmitting station which does 
not desire communication (interfering station) is near, 
has a so-called "near-far" problem that the reception 
power of a received signal from the interfering station is 
greater than that from the transmitting station which 40 
desires communication, preventing the stations using 
only processing gain (spreading gain) from suppressing 
correlation between spreading codes, which disables 
communications. For a cellular system using the direct 
sequence CDMA system, it Is therefore irKlispensable to 4s 
control transmission power according to the state of 
each transmission path on the uplinks from mobile sta- 
tions to a base station. 

[0005] Furthermore, as a countermeasure for fading 
which is the cause of deterioration of the line quality in so 
terrestrial mobile communications, a method for com- 
pensating variations of instantaneous values of recep- 
tion power by controlling transmission power is 
proposed. 

[0006] Unexamined Japanese Patent Put^ication ss 
No4-502841 includes an example of transmission 
power control method for a cellular system using a 
direct sequence CDMA system. FIG.1 illustrates the 



configuration to inrplement the transmission power con- 
trol method. This cellular system consists of a t>ase sta- 
tion apparatus and mobile station apparatuses and 
communications are normally carried out between a 
plurality of tmbWe station apparatuses and one t>ase 
station apparatus. 

[0007] For example, the base station apparatus 
receives a multiplexed signal from a plurality of nnobile 
stations through antenna 1 and outputs it to analog 
receiver 2. Analog receiver 2 carries out processing 
such as amplification and frequency conversion of the 
received signal and the processed signal is supplied to 
digital receiver 3 for mobile stations. 
[0008] Digital receiver 3 separates a signal of a spe- 
cific mobile station from the multiplexed received signal 
by performing correlation detection using a spreading 
code used on the mobile station side ard outputs it to 
baset>and processing circuit 4 and reception level 
detection circuit 6. Baseband processing circuit 4 
otitains the reception data from the separated signal. 
On the other hand, it outputs the transmission data to 
the above mobile station to modulator 5 as a transmis- 
sion signal. 

[0009] Reception levd detection circuit 6 measures 
the level of the signal received from the above mobile 
station, generates a power control bit according to the 
measured level arvj outfxits it to modulator 5. This 
power control bit is used to control the transmission 
power of the above mobile station. 
[0010] Modulator 5 multiplies the transmission signal 
from baseband processing circuit 4 and power control 
bit from reception level detection circuit 6 by a spreading 
code assigned to the atxsve mobile station and outputs 
the result to adder 7. Adder 7 multiplexes spread signals 
for a plurality of mobile stations from the modulator. The 
multiplexed signal is subjected to processing such as 
conversion to RF frequency and amplification, then 
transmitted from antenna 1 . 

[001 1 ] The mobile station apparatus receives a signal 
from the base station through antenna 8 and outputs it 
to analog receiver 9. Analog receiver 9 carries out 
processing such as amplification and frequency conver- 
sion on the received signal arKJ outputs the processed 
signal to digital receiver 10. Furthermore, analog 
receiver 9 is provided with an overall power level meas- 
uring circuit for the received signal and the measured 
power level is input to transmission level control circuit 
13. 

[0012] Digital receiver 10 separates a signal directed 
to itself from the spread and multiplexed signal through 
correlative detection and outputs it to baseband 
processing circuit 1 1 . It also extracts a power control bit 
from the separated signal and outputs it to transmission 
level control circuit 13. Baseband processing circuit 1 1 
obtains reception data from the separated signal. At the 
same time, it outputs the transmission data to the base 
station as a transmission signal to modulator 12. 
[001 3] Modulator 1 2 spreads the transmission signal 
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from baseband processing circutt 1 1 by multiplying it by 
the assigned spreading code and outputs the result to 
transmission level control circuit 13. Transmission level 
control circuit 13 controls the transmission power of the 
spread signal using the overall power level from analog 
receiver 9 and the power control bit extracted from the 
received signal. The output signal of transmission level 
control circuit 13 is subjected to processing such as 
conversion to RF frequency and amplification, then 
transmitted from antenna 8. 

[0014] The transmission power control method in the 
cellular system configured as shown above controls the 
transmission power level using the overall power level 
measured by analog receiver 2 of the mobile station 
apparatus. This compensates variations of the central 
value of the reception level of the base station caused 
by the varying distance between the motile station and 
base station as the mobile station moves. This method 
is called a ''transmission power control method based 
on an open loop." 

[0015] Furthermore, if the level of the signal received 
from the at>ove mobile station measured by reception 
level detection circuit 6 of the base station apparatus is 
lower than a predetermined reference level, the power 
control bit is determined so that the transmission level of 
the mobile station may be raised, and to the contrary if 
it is higher than the reference level, the power control bit 
is determined so that the level of the mobile station may 
be lowered, and these power control bits are transmitted 
to the mobile station. 

[0016] The mobile station controls the transmission 
level using the power control bit extracted by digital 
receiver 10 and carries out compensation for variations 
of instantaneous values due to fading which is different 
for the uplink (mobile stations -> base station) and 
downlink (base station mobile station). This method 
is called a "transmission power control method t>ased 
on a closed loop." 

[0017] As shown above, the direct sequence CDMA 
system uses transmission power control methods 
based on an open loop and closed loop. 
[0018] The CDMA system uses codes with high 
orthogonality as spreading codes to suppress interfer- 
ence between spreading codes. This allows the capac- 
ity of the systOT to be expanded. In Walsh codes and 
orthogonal Gold codes known as codes with high 
orthogonality, the number of mutually orthogonal codes 
is limited to the same number of code length. Therefore, 
in order to secure the number of spreading codes 
assigned to the user, a method of combining short 
codes which have the same cycle as the length of the 
information symbol and long codes which have longer 
cycle than that of short codes is adopted. 
[001 9] In this case, such a method is adopted that one 
long code is assigned to each base station on the down- 
linK with long codes varying from one base station to 
another. This allows the orthogonality to be maintained 
for all users in a same cell. Furthermore, signals from 



other cells are spread with different long codes and con- 
verted to noise, making it posstt>le to suppress interfer- 
ence to a low level. In that case, in order to maintain the 
orthogonality the nunr^er of users is limited to no 

5 greater than the code length on the downlink. 

[0020] On the other hand, on the uplink, since the dis- 
tance between a mobile station and the base station 
varies among a plurality of nrobile stations arxJ spread- 
ing code timing of the received sgnal in the base station 

10 differs from one moki^le station to another, it is not F>ossi- 
ble to maintain the orthogonality of codes. Th^efbre, 
the nun^er of users cannot be limited by the code 
length on the uplink. 

[0021] Hierarchic type orthogonal codes such as 
15 Walsh codes are generated by combining generation 
matrices hierarchically as shown in FIG. 2, character- 
ized by any two spreading codes in any hierarchy being 
mutually orthogonal. For example. CIO to C13 are 
mutually orthogonal, and C20 to C27 are mutually 
20 orthogonal. Furthermore, both C20 and C24 consist of 
elements of CIO and elements with their codes 
inverted, and thi^ C20 and C24 are orthogonal to C1 1 
to C13 excluding C10. 

[0022] In voice communications such as portable tel- 

25 ephones. a same communication information rate is 
used for the uplink and downlink, but virhen performing 
multi-media services in a cellular system such as data 
communications, the information rate can be asymmet- 
ric between the uplink and downlink. Here, communica- 

30 tions whose information rate is asymmetric between the 
uplink and downlinK for example when irrformation is 
only sent from the mobile station side are called "asym- 
metric communications" and communications whose 
information rate is almost identical between the uplink 

35 and downlink are called "symmetric communications." 
[0023] Now suppose a service which carries out infor- 
mation trarsmission only for the uplink and carries out 
no transmission for the downlink. Performing closed- 
loop transmission power control requires securing a 

40 spreading code to send a transmission power control bit 
for the downlink on which no information is transmitted. 
[0024] In this case, since the spreading code 
resources of the downlink for closed-loop transmission 
power control are exhausted, when accomrrxxJating 

45 services of only downlink signals is att&npted a prob- 
lem occurs that accomnKXiating those services fails 
because of a shortage of spreading codes even if there 
is no problem in terms of the system capacity. Further- 
more, trying to secure downlink spreading codes 

50 assuming that no transmission power control bits are 
transmitted means not performing transmission power 
control, which will deteriorate the quality of the uplink 
and deteriorate the system capacity of the uplink. 



[0025] It is an objective of the pr^ent invention to pro- 
vide a CDMA communication apparatus In the CDMA 
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cellular system that, even in asymmetric communica- 
tions with only the uplink, for exanple. can avokj a 
shortage of spreading codes on the downlink while car- 
rying out open-loop transmission power control on the 
uplink. 5 
[0026] Tliis objective is achieved during asymmetric 
communications through the i^e of a CDMA communi- 
cation apparatus comprising a frame assembly section 
for assembling frames with a known reference signal 
and transmission power bit and a trartsmission rate con- io 
trol section for setting a lower transmission rate of a 
transmission^ signal composed of the known. reference 
signal and transmission power bit above than the trans- 
mission rate for symmetric commuriications. 

IS 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0027] 

FiG.1 is a block diagram showing the configuration 20 
of a conventional CDMA mobile communication 
system; 

FIG.2 is a conceptual drawing showing the genera- 
tion of hierarchic orthogonal type codes; 
FiG.3 is a block diagram shovying the configuration 25 
of a CDMA mobile communication system accord- 
ing to one embodiment of the present invention; 
FIG.4 is a block diagram showing the configuration 
of frame configuration section 103 showm in FIG.3; 
FIG. 5 is a block diagram showing the configuration 30 
of spreading code determination section 121 
shown in FIG. 3; 
- FIG:6 is a timing chart showing the^ignaliransmis- 
sion method and transmission power control 
method in normal operations in the CDMA mobile 35 
communication system according to the emtxxji- 
ment above; 

FIG.7 is a timing chart showing an example of the 
signal transmission method and transmission 
power control method during asymmetric communi- 40 
cations in the CDMA mobile communication system 
according to the embodiment above; and 
FIG.8 is a timing chart showing anotherjpcample of 
the signal transmission method and transmission 
power control method during asymmetric communi- 45 
cations in the CDMA mobile communication system 
according to the embodiment above. 



DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 



so 



[0028] With reference now to the attached drawings, 
the embodiment of the present invention is explained in 
detail below. 

[0029] FIG.3 is a block diagram showing the conf igu- ss 
ration of a CDMA mobile communication system 
according to Embodiment 1 of the present invention. 
ITiis mobile communication system consists of CDMA 



communication apparatuses such as a base station 
apparatus and mobile station apparatuses. 
[0030] The base station apparatus comprises encoder 
101 , pilot signal generator 102. frame configuration sec- 
tion 103. spreader 105. spreading code determination 
section 121. transmission signal annplrtude control sec- 
tion 106, addition section 107, transmission RF section 
108. antenna 109, reception RF section 110. correlator 
111. decoder 112, reception SIR measuring instrument 
1 13. and transmission power control bit generator 104. 
[0031] Frame configuration section 103 in the base 
station apparatus, as shown in FIG.4. connprises frame 
assemt)ly section 1031 that assembles encoded data 
into frames and repetition circuit 1032 that performs 
repetition processing which is processing for transmis- 
sion rate control on the frame-assenr^led frame data 
during asymmetric communications. 
[0032] Spreading code determination section 121 
comprises, as shown in FIG.5. operating spreading 
code control section 121 1 that controls spreading codes 
used for mobile stations under its control, code compar- 
ison section 1212 that compares spreading codes 
stored in memory 1213 in the case of asymmetric com- 
munications, determination section 1214 that deter- 
mines spreading codes ava ilable based, on the 
comparison result and code assignment section 1215 
that assigns spreading codes to a specific downlink 
based on information on the spreading codes in use and 
the determination result as necessary. Memory 1213 
stores hierarchic orthogonal type spreading codes such 
as Walsh codes. 

[0033] The mobile station apparatus connprises 
antenna 114. reception RF section 115. correlator 1 16. 
decoder 117. transmission power control section 118. 
transmission RF section 120 and transmission base- 
band processing section 119. 

[0034] In the base station apparatus of the mobile 
communication system configured as shown above, 
transmission data for a mobile station are input to 
encoder 101. subjected to encoding processing, etc. 
and output to frame configuration section 103. Further- 
more, pilot signal generator 102 generates a pilot signal 
whose data pattern is fixed (known reference signal, 
pilot symbol for example) and outputs it to frame config- 
uration section 103. 

[0035] In frame configuration section 103, the output 
of encoder 101 . the pilot signal from pilot signal genera- 
tor 102 and the transmission power control bit from 
transmission power control bit generator 104 are input 
and they are assemt>led into a frame. That is. the akxive 
signals are assemkDled into frame data in frame assem- 
bly section 1031 of frame configuration section 103. 
[0036] At this time, in the case of asymmetric commu- 
nications, frame configuration section 103 sets a low 
transmission rate through repetition processirrg by rep- 
etition circuit 1032 based on transmission information 
indicating asymmetric comnrunications and configures 
a frame with only a pilot signal and transmission power 
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control bit. 

[0037] The frame-configured data are output to 
spreader 105. Spreader 105 uses a spreading code 
determined by spreading code determination section 
121 to perform spreading processing on the frame-con- 
figured data and outputs the spread signal to transmis- 
sion signal amplitude control section 106. 
[0038] Here, spreading code determination section 
121 inputs transmission information as to whether the 
communication is symmetric or asymmetric to operating 
spreading code control section 121 1. If the transmission 
information indicates that the communication is sym- 
metric, operating spreading code control section 1211 
extracts an unused spreading code with reference to 
memory 1213 according to the operating situation of the 
spreading codes and outputs it to code assignment sec- 
tion 1215. Code assignment section 1215 assigns the 
spreading code input to a specific downlink. 
[0039] K the transmission Information Indicates that 
the communication is asymmetric, the transmission rate 
is controlled to a low level as will be described later. arKi 
thus operating spreading code control section 1211 
extracts a spreading code included in a hierarchy of 
spreading codes longer than the spreading code used 
on the symmetric communication lines with reference to 
memory 1213. The extracted spreading code is sent to 
code comparison section 1212 where it is compared 
with the spreading code in use which is controlled by 
operating spreading code control section 121 1 . 
[0040] Comparison here is made by examining 
whether the component unit of the operating spreading 
code is used for the spreading code extracted. The 
comparison result is sent to determination section 1214 
which then judges whether it can be used as the 
spreading code for the downlink in asymmetric commu- 
nication. The spreading code which determination sec- 
tion 1214 judges usable Is sent to code assignment 
section 1215 where the spreading code sent is 
assigned to a specific downlink. 
[0041] Transmission signal amplitude control section 
106 controls the amplitude of the signal input and out- 
puts the signal to adder 107. Adder 107 adds up the out- 
put of transmission signal amplitude control section 106 
and signals from the transmission sections of other 
mobile stations and outputs the result to transmission 
RF section 108. Transmission RF section 108 performs 
modulation and frequency conversion on the input and 
this transmission signal is transmitted from antenna 
109. 

[0042] The signal received through antenna 109 from 
a mobile station is subjected to frequency conversion 
and demodulation by reception RF section 1 1 0 and out- 
put to correlator 111 arxl the reception processing sec- 
tion for other mobile stations. In correlator 111, the 
signal is despread with the spreading code used on the 
mobile station side and the desired wave signal is sepa- 
rated from the received signal. The separated and 
despread data are output to decoder 1 12 and reception 



SIR (signal to interference ratio) measuring instrument 
113. 

[0043] Decoder 112 decodes the input and Obtairs 
received data. Reception SIR measuring instrument 

5 113 measures reception SIR from the received signal 
and the measurement result Is output to transmission 
power control bit generator 104. Transmission power 
control bit generator 104 compares the reception SIR 
input and reference SIR and controls the reception SIR 

10 so that it can approximate to the reference SIR. that is. 
generates a transmission power control bit for the 
mobile station so as to reduce the difference between 
the reference SIR and reception SIR. The transmission 
power control bit is output to frame conf iguration section 

75 103. 

[0044] On the other hand, in the mobile station appa- 
ratus, the signal received through antenna 114 from the 
base station is output to reception RF section 115. 
Reception RF section 115 performs frequency corrver- 

20 sion and demodulation on the input and outputs It to cor- 
relator 116. Correlator 116 carries out despreading 
using the spreading code used on the base station side 
and outputs the despread data to decoder 117. 
[0045] Decoder 117 decodes the Input and obtains 

25 received data. It also otstains a transmission power con- 
trol bit and outputs this transmission power control bit to 
transmission power control section 118. Transmission 
power control section 118 uses the transmission power 
control bit sent from the base station to determine the 

30 transmission power and outputs it to transmission RF 
section 120. 

[0046] On the other hand, the transmission data for 
the base station are subjected to transmission path 
encoding and spreading processing In transmission 
35 baseband processing section 119 and output to trans- 
mission RF section 120. Transmission RF section 120 
carries out modulation and frequency conversion on the 
input and transmits this transmission signal from 
antenna 114. 

40 [0047] In the CDMA mobile communication system 
configured as shown above, the normal transmission 
power control processing operation is explained first. 
[0048] FtG.6 Is a timing chart of a signal under normal 
transmission power control. As seen from FIG.6, the 

45 downlink signal is a signal made up of a pilot signal, 
transmission power control bit arxi transmission data 
time-multiplexed in slot units by frame configuration sec- 
tion 103 and it is transmitted in such a frame configura- 
tion from the base station. 

50 [0049] The pilot signal is a signal which has a fixed 
information pattern and is used by the mobile station to 
estimate the transmission path for demodulation. The 
uplink signal Is also transmitted as a signal slot cycles 
as with the downlink signal. In order to minimize a trans- 

55 mission power control delay in the uplink timing, an off- 
set is provided for the downlink. The offset is set 
appropriately so that it may be reflected on the trans- 
mission power of the uplink. 
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[0050] In the base station. SIR measuring Instrument 
113 measures the reception SIR of the signal at the 
start of a slot of an uplink signal. The reception SIR rep- 
resents the line quality. The measured reception SIR is 
sent to transmission power control bit generator 104 5 
and Is compared by transmission power control bit gen- 
erator 104 with a reference SIR provided beforehand as 
the required quality. 

[0051 ] If the reception SI R is lower than the reference 
SIR. transmission power control bit generator 104 gen- 10 
erates a transmission power control bit as a command 
ordering.that the transmission power of the mobile sta- 
tion be increased and if the reception SIR is higher than 
the reference SIR, it generates a transmission power 
control bit as a commarKi ordering that the transmission is 
power of the mobile station be decreased and notifies it 
to the mobile station with the next slot. 
[0052] The mobile station extracts this transmission 
power control bit from the received signal and transmis- 
sion power control section 118 determines the transmis- 20 
slon power value from the transmission power control 
bit (command to increase/decrease the transmission 
power) and makes It reflect on the transmission power 
at the start of the next uplink slot That is, the mobile sta- 
tl on determines the transmission power according to 25 
commands of increasing/decreasing the transmission 
power from the base station and makes it reflect on the 
next uplink slot. 

[0053] Then, the transmission power control method 
during asymmetric communication which is a communi- 30 
cation using the uplink alone is explained with reference 
to FIG.7. By the way. there are no transmission data on 
the downlinkrand thus frame configuration section 103 
transmits a signal made up of only pilot signals and 
transmission power control bits assembled in slot units. 35 
In this case, transmission power control is canried out In 
the same way as for normal communications. 
[0054] In this case, the only signals transmitted on the 
downlink are pilot signals and transmission power con- 
trol bits, and thus the carrier rate is extremely reduced. 40 
By controlling the transmission rate In this way. rt is pos- 
sitHe to send a signal with its transmission power 
reduced by transmission signal amplitude control sec- 
tion 106. Furthermore, a long hierarchic orthogonal type 
code is used as a spreading code used by spreader 45 
105. Thus, signals can t^e transmitted with transmission 
power reduced, making It possible to reduce interfer- 
ence with other mobile stations. 
[0055] How to determine the spreading code In this 
case is explained with reference to FIG.2. Suppose that so 
four kinds of spreading code resources C10 to C13 are 
used during normal uplink arvj downlink symmetric 
corrmruinications. 

[0056] When carrying out asymmetric communica- 
tions with only an uplink, if the transmission rate Is set to ss 
1/2 for example, the same spreading band Is used, and 
therefore a spreading code twice in code length can be 
used as a downlink spreading code. That is, 8 kinds of 



spreading codes C20 to C27 can be used. 
[0057] Here, if C20 is i^ed as a spreading code for the 
downlink, C20 uses CIO which is a spreading code one 
hierarchy ahead as its element. Therefore. C20 cannot 
maintain orthogonality with CIO and can no longer be 
used as a spreading code used normally for the down- 
link. 

[0058] If there is another user who carries out asym- 
metric communication with only an uplinK C24 is 
assigned as a spreading code for the downlink. Like 
C20. C24 has CIO as its element and cannot maintain 
orthogonality with CIO. 

[0059] Here. C20 and C24 are mutually orthogonal. 
Therefore, C20 and C24 which cannot be i^ed as 
spreading codes for a normal downlink can be used as 
spreading codes for pilot signals and transmission 
power control bits. As a result. It is possible to increase 
the number of users without reducing the number of 
spreadirrg codes used for a normal downlink. 
[0060] As shown above, spreading codes which can- 
not be used for a normal downlink are used as spread- 
ing codes for pilot signals £ind transmission power 
corrtrol bits for asymmetric communications, making it 
possible to secure a lot of spreading codes while maln- 
ta ining orthogonality. This makes it p ossitale to utilize 
spreading code resources effectively and Increase the 
number of users. Furthermore, It allows the transmis- 
sion rate to be reduced for pilot signals and transmis- 
sion power control bits, thus suppressing interference 
with other mobile stations. 

[0061] By the way. in the CDMA mobile communica- 
tion system with the above configuration. It is possible to 
apply- closed-Hoop -transmission power control of the 
base station as in the case of transmission power con- 
trol of the mobile station. In this case, the quality of the 
transmission power control bits of the downlink can be 
inproved. 

[0062] Furthermore, as shown In FIG.8. the present 
invention can also be implemented by dividing a slot of 
the downlink into a plurality of subslots and using each 
subslot as a downlink signal for a different asymmetric 
comnnunication user. In this case, spreading codes of 
the downlink can be used more effiderttly. and thus 
more users can be accommodated within the system. 
Transmission power control of the base station can also 
be applied to this case. 

[0063] The CDMA communication apparatus accord- 
ing to the present invention uses hierarchic orthogonal 
type spreading codes, sets low transmission rates of the 
downlink in asymmetric communications with the uplink 
alone, for example, and transmits transmission power 
control bits on the downlink using spreading codes of a 
hierarchy of long codes. In a CDMA cellular system, It is 
capable of performing open-loop transmission power 
control for the uplink during asymmetric comrnunication 
with only the uplink while avoiding a shortage of spread- 
ing codes on the downlink. 

[0064] This specification Is based on the Japanese 
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Patent Application No. HE1 10-78316 ffled on March 10. 
1998. the content of which Is included herein. 

Claims 

1 . A CDMA communication apparatus, comprising: 

frame assembly mear^ (103) for assemt>ling 
frames with known reference signals and trans- 
mission power bits during asymmetric commu- io 
nications: 

transmission rate control means for setting a 
lower transmission rate of a transmission signal 
made up of said known reference signals and 
said transmission power bits than the transmis- is 
sion rate for symmetric comnuinications. 

2. The CDMA communication apparatus according to 
claim 1. comprising spreading code determination 
means (121) which uses as the spreading code for 20 
spreading the transmission signal made up of said 
known reference signals and transmission power 
bits, a spreading code longer than a spreading 
code for symmetric communication lines. 

25 

3. The CDMA communication apparatus according to 
claim 2, wherein said spreading code determination 
means (121) uses a hierarchical orthogonal type 
spreading code as the spreading code and deter- 
mines as the spreading code for spreading the so 
transmission signal of said known reference signals 
and said transmission power bits, a spreading code 

of a hierarchy which contains spreading codes of a 
longer cycle than spreading codes used for sym- 
metric communication lines. 35 

4. The CDMA communication apparatus according to 
claim 2. wherein the spreading code determination 
means (121) selects a spreading code which is 
orthogonal to spreading codes used for other 40 
asymmetric communication lines. 

5. A base station, apparatus comprising a CDMA 
communication apparatus, wherein said CDMA 
communication apparatus comprises frame assem- 45 
biy means (1 03) for assembling frames with known 
reference signals and transmission power bits dur- 
ing asymmetric communications and transmission 
rate control means for setting a lower transmission 
rate of a transmission signal made up of said known so 
reference signals and said transmission power bits 
than a transmission rate for symmetric communica- 
tions. 

6. A mobile station apparatus which performs radio ss 
communications with a base station apparatus 
comprising a CDMA communication apparatus, 
wherein said CDMA communication apparatus 



comprises frame assenU>ly means (103) for assem- 
bling frames with known reference signals and 
transmission power bits during asymmetric commu- 
nications and transmission rate control means for 
setting a lower transmission rate of a transmission 
signal made up of said known reference signals 
arKj said transmission power bits than a transmis- 
sion rate for symmetric communications. 

7. A CDMA mobile communication system, wherein a 
base station apparatus, when performing asymmet- 
ric communications, transmits known reference sig- 
nals and transmission power control bits at a lower 
transmission rate than a transmission rate when no 
asymmetric communications are performed and a 
mobile station receives said transmission power 
control bits and determines transmission power 
based on said transmission power control bits. 

8. The CDMA mobile communication system accord- 
ing to claim 7, wherein a spreading code longer 
than spreading codes for symmetric communica- 
tions is used as the spreading code for the downlink 
of asymmetric communications and this long 
spreading code Is orthogonal to spreading codes 
used for other asymmetric communication lines. 

9. The CDMA mobile communication system accord- 
ing to claim 7. wherein a hierarchic orthogonal 
spreading code is used as the spreading code for 
the downlink and a spreading code of a hierarchy 
which contains spreading codes of a longer cycle 
than spreading codes used for symmetric commu- 
nication downlinks, and this spreading code of a 
hierarchy of spreading codes of a longer cycle is 
orthogonal to spreading codes used for other 
asymmetric communication lines. 

10. A spreading code selection method, which selects 
as the spreading code for asymmetric communica- 
tions, a hierarchic orthogonal type spreading code 
which Is a spreading code of a hierarchy which con- 
tains spreading codes of a longer cyde than 
spreading codes used for symmetric communica- 
tion lines and is orthogonal to spreading codes 
used for other asymmetric communk;ation lines. 

1 1 . A CDMA mobile communication method, when per- 
forming asymmetric communications, comprising 
the steps of: 

a base station apparatus transmitting known 
reference signals and transmission power con- 
trol bits at a lower transmission rate than a 
transmission rate when no asymmetric com- 
munications are performed; 
a mobile station apparatus receiving said trans- 
mission power control bits; arxi 
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determining transmission power based on said 
transmission power control bits. 

12. The CDMA mobile communication method accord- 
ing to claim 1 1 , wherein a longer spreading code s 
than spreading codes used for symmetric comnuj- 
nications is use6 as the spreading code for an 
asymmetric communication downlink and this long 
spreading code is orthogonal to spreading codes 
used for other asymmetric communication lines. io 

13. The CDMA mobile communication method accord- 
ing to daim 11. wherein a hierarchic orthogonal 
type spreading code is used as the spreading code 

for the downlink and a spreading code of a hierar- is 
chy which contains spreading codes of a longer 
cyde than spreading codes used on the symmetric 
communication downlink as the spreading code 
used for the asymmetric communication downlink 
and this spreading code of a hierarchy of spreading 20 
codes of a longer cyde is orthogonal to spreading 
codes used for other asymmetric communication 
lines. 
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